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LONG-TERM HEALTH EFFECTS IN HAMSTERS

EXPOSED CHRONICALLY TO MAN-MADE

AND RATS

VITREOUS FIBERS*

David M. Smith,
Lawrence W. Ortiz,

Ruben F. Archulets, and
Neil F. Johnson

Los Almnos National Labomtory
Los Alamos, New Mexico 87545, USA

ABSTRACT

As part O! a comprehensive inhalation study, groups o! Osborne-
Mendel ra!s and Syrian golden hamsters were exposed to stveral types of
airlwrne man-madt vftrtous jibtrsm Exposure promeols wtrt ‘nose-only= 6
h a day, 5 d a week for 24 m, with surviving animaIs mainfaintd for tht
rest of thtir lives. Challtn#t aerosols consisltd o~ 4 types of fibrous
glass, 1 refractory ctramic jibtr (RCF), and 1 mintral wool ~ibtr, UICC
crocidolitt asbestos and clean air served as positivt and ntgative controls
for tht inhalation groups, Groups of additional controls wtre
unmanipulaitd cagtd animals, intraptri!ontally (1P) in]tcttd animals, and
intratrachtally (IT) instilled animals,

Animals, afftr thtir deaths, wtrt txamintd macroscopicaIly and
microscopically, Fiber lung burdtns wtrt $ignijicant jor tht inhalation
●xposurm and rtlattd to tht mtan dlamettrs O! tht jibrous challtngt
urosols. Tht inhalation txposurts with MMVF did not rtsuh in any
advtrsc tjjects txctpt jor a mesothtlioma O! tht lung in 1 hamster
●xpostd to [ht RCF, not a statistically sitni~icaru jinding,

ConJisttnt with other rtporttd work, abdominal mtsothtliomas wtrt
hductd in the groups OJ hamsttrs and rats injtcttd fP with 0.4J-micron
mtan diamtttr jibrou alass, RCF, and crocidolilt asbestos,

With IT instillations, primary Iuna tumors wtrt foundonlyIn
hamsttrs and rats rfctiving UfCC crocidolitt: no lung !umors occurrtd in
animals instill~d fT with Z typts O! MMIPF,

——
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1. Introduction

Exposure to tirborne asbesros h~ been associated wirh degenerative pulmonar}
diwse and tumor induction m humms (Wagner. l%5j tnd expernnenmJly in m[j
(M”agner ●[ ttl, 1974). As t result. concern has developed regard]ng the widespread use
of man-made mineral f]bers (M?.iMFJ. esp:cia:l) man-made v]treous fibers (MMVFI.
s.nd their possible health effects A comprehensi~e retjew of the fwst publls!wd results
of animal studies delineating the biological effects of exposure to MMMF and M!.-1VF
wu presented by Kotin (1984] SI s WHO “IARC Conference on the BioloUie~l Effects of
Man Made Mineral Fibers in 1982. Kotm”s paper describes Iong-[erm ltealfh effects in
hamsters and ma exposed chronically ro four d]fferent glass fibers. a refractory ceramic
fiber (RCF), and a mineral wool fjber. UICC crocidollte asbestos ser~ed as a ‘pOSlII\e-
control mmerlal.

The study reported in this paper addressed the question of whether MMVF,
when inhaled by laboratory ammals, induce lung tumors

Il. Materials ●nd Methods
.

A. Flbcr ?mparatlon and Aerosol Gnerstloa

All 7 fibrous exposure aerosols were produced directly from umltered bulk
materials using our modifmd Timbrell-type generator and complemgnthsg plug-packing
mdd auembly (Ortiz, cr al. 1977). This aarosol-~onorming davice relies on the
controlled feeding of a fib. wa plug compact into a rotoriblade uaembly for aerosol
production. Fibora tie either shaved or brushed frem the end of the advancing plLg.
and a moving ti stream exhausts fibers from the ~onemror chamber (Fig. I ) ThJs
aerosol-production method was purposely selected to minimize posaiblo external
contamination of the aerosolized flbars. The fibrous plug-pscking procedures i~ this
study were simplified from those described provlously (Ortiz, el al, 1977) to
accommodate the tmk of reproducibly preparin~ many feed plIIgI of the different fiber
Wa ovor a~ oxtonded Lime u required for chronic inhalation exposures.

TWO variation: of the buic fiber preparation “packing generation procedures were
employed to accommodate aeroaol]zmg two specific fiW types. bulk MMVF and
premilled UICC crocictolite

MMVF wore supplied by the Thermal Insulation Manufacturer’s Aa:oclstlon

(TIMA). we are grateful to R E.b Rendall and V Tmbrell of the British Medical
Research CouncJl, Penarth, Wales, for their kindness in aupplylng us with UICC
crocidolite tabestos All MMVF were prepared for Bero#olizstion by welghlng dry.
hand-pulled wanda or fiber swatchet from bulk Insulation bats or bs~s These
prewolghed swatches of bulk fiber wore pro:tod gently into t plu~-packing mold. “Wel-
w-i!h 5 to 15 cms of ethanol tnd hand comprmmd to a fixed dimension (FIB 2! “Mel
mold packln~ of these vjtreous fibers produced more cohesive tnd uniform fjbr..;
compacts for subsequent infusion Into the genelator shaving blade: th~n dld d:} packing

The steel mold with “wet- compressed PIUE vu oven dried (80’C. overnight), c..~led IO
room tempemture, nnd transferred from the mold to the generator ~lu~ tnnsfer was
accomplithod by removing the mold end pieces. matlne the mold to the gensmror, and
hand pu:hin~ the plug from mold tr~#enerator using a fitted nylcn plun~er

This procedure for piodu~lna challenge aerosol: direc[l) from bulk fibers was
tekc!ed specifically to minimize alteration of exposure fibers Bulk fibers were no[
preminced or premilled prior to Iohdmg the generators Eulk fibers con[a. nlng organ]~



bindem and “or lubricants were generarecl with the bwider “Iubricanr in place. Eberj
●rrempt was made to present ●ach of Ihe witreous fiber aerosols to the animals m a statr
that people may experience during ●xposure to f]brous dusts produced from
commercially available products during their manufacture or use. A prime objectite ~as
to expose experimental animais to significant concentmtlons of long, Lhn. ‘respirable-
fiber singlets.

The refractory ceramic fiber (RCFJ used jn the study was prepsred for
●eroaol.ixation using slmilm “wet” infusion plug-packing procedures. However. the
genemion cham~r was modifleci to better accommodate the extremely mbrasi~e proper[j
of RCF oxhibned in the prtxessing ‘Chbppinu of these fibers for aerosolixation The
aminless steel (SS) cakities of the generaton were machined to a slightly larger diameler
and Mtrofirted with fardened steel cyhndrlcal sleeves prefabric~fed to pro~ide the same
internal diameter u the orisinal chambers. This insert, which replaced the original SS
chamber interior, ensured that the two primary #enerator surfaces most exposed to
abrasive action were made of abrasive-resismnt tung:ten carbide cuttin8 blades and
b.rdened steel genemtor chmber walls. These genera!lor+ performed without misha~ for
the entire 24-m exposure wriod Comparative energ. tispersiwe x-ray (EDX) anti Ysls
of bulk materials and membrane-falter-collected ●erosol ma[erials indicated that external
metal cmtaminat]on orisinttinu from aerosol 8eneration W8Sinsignificant.

Cror.idolite exwsuie aerosols were produced wing the suste #enerating:packlng
approach with two significant modifications (1) the crocidolite infusion plug was dr}
packed into the mold tnd (2) the standard carbide-tipwd rotoi was repliced b) a
flexible. aofl brush rotor. This brush rotor had no hrird cutting ed8es but rather wed
only soft fhxible ssble hair for sweeping the premillea mbestoa fibers from the infmior,
plug--an ●xtremoly #entle process, minimizing a.ltemtion ind conmmination of these
premilled UICC standard fibers.

R~ardlesa of the fiber type being genermted. the output from our generator IS
influenced by the nature of the starting material, density of ~M plug compact. plus
infusion sm. #enorator rotor twed and exhausting air-flow rate For the animal
Inhalation StIJdJeS, plug lnfumon r-tes ran~ed from 5 to 200 microns per minute, tom] air
flow rates from 40 to 701 per minute. aerosol mus concentrations from 0.3 to 12 me
❑-a, and fihr numbers from 10 to 3000 cm-s (Table J)

When tho aerosol: left the generation chamber, they were diluted with clean alr
and passed throush a 10-mCl “Kr deionization source (TFermo Systems, St Pau I MN)
and into the top of our “nos.-only” animal exposure chambers Air flow was from top
to bottom and ranged from 40 to 70 I mm”. depending on the fiber being aerosollzed

B Aarocol Charactorlsllcs

1. smphn~ Exposure AtroJols

To define and characterize etch challen~e serosol. three paramotem were
monitored during the exposures (1) aerosol mass concentration, (2J fiber size tnd
number, and (3) aerodynamic prOVrti@t

Aerosol mm concentmtion w measured and fiber tizing ‘couritin# samples ~@re
collected using a “breathing zone= tampllnS concept. i e., collection dev!coa woro placed
in the polycarhnate mtimal rettminin~ tubes 10 that airborne fibers were tampled -t the
locations in the chambers tmsulatint the “breathing zone ● of t5e exposure animals



Fiter dmmerers and lengths were obcsined for ach of [he SIXMMVF aerosols
These data were detersnmed from membrane filter (Nucleopore }aerosols collected at
nndom 2- to 4-m intersals durutg the ●xposure mterlm. The samples were pooled. and
6 to 8 samples of each f]bcr were randomly selected and sized from scanning ●lectron
mlcrogmphs (SEM) taken St 500 to X)00x, ldJUSted to srmt the collected fiber deposit

a O45-Micron hfD Glms Fiber Exposure Aerosol

Dual dimension (1 x d) sixing data indicate that :his aerosol comprised lnd]~dual
fiberx ranging from 0.2- ta 0.6-micron diameter, w]th 94% bcifig = or dO mlerons long
The count mean length (CML) was 7.5 z 10 microns. cnd the count mean diameter
(CMD) was 0.4 z O 3 microns- The mean mpect mtio for the 999 fibers sized was 15
The geometric mean fiber Ieneth (GMLJ wax 4.7 microns. cbe geometric mean diameter
(GMD) 0.4 microns. ●nd the geometric mean aspect ratio (GM.AR), 11. Thus. the fibers
in this aerosol were relatively short and potentially Mghly ‘respirsble - Sizln8 details for
ths fiber we summarized in Table 11. At a cmcentration of 3.000 F cm- 3, there were
approximately 530 F cm-s lonter than JO mxrons with dmmeters = or <1 0 micron jn
this aerosol.

b 31 -Micron MD Glass Fiber Exposure Aeroso]

Independent and complimentary fiber I x d matrix m~urements of this aerosol
demonstrated that 99% of the tirborne f,~ers were >5 microns long with 77% >10
mlcrans long Approximate]} 66% of these fibers were between IO and 80 microns long
with 30% between 20 and 50 micro~ In length The CML was 37 ~ 48 microns. CNID.
1.4 ~ 1.1 microns, ●nd the mean asrsc[ ratio 27. The GML was 24 microns. GMD. I 2
microns. and the GMAR, 19. 77JIS●erosol was a long. (> JO microns] fibered aerosol
with most airbctrne fibers poteotmlly ‘respmable ● SuinS data for this fiber are
summarized in Table 111. lo hs aerosol, with t meut Concentntion of 100 F cm-’.
there were 30 F cm-a longer than 10 microtu with diameren = or <1.0 micron

c. 5.4-Micron MD Glus Fiber Exposure Ae-ogol

Dimueter Ien#rh sizing data for thix material demonstrated thst 74% of the
aerosal was d m!crms in diameter WIA 61h btwoen 10 and 80 microns long (Table
]V) Approl imate]y 77% of all mrborne fibam were between 5 and 50 microns long --lth
97% <3.5 microns in dmmeter. The CML ws 31 ~ 33 microns, ~i’h the CMD 14 ~ O9
micronx The MAR wu 24. TIM GML was 20 microns. the GMD 1 I microns. and the
GMAR ]8 At concentmtlons of 100 F cm- ‘. this aerosol contmned 25 F cm-s -Ilh
lengths >10 microns and diameters = or <10 micron

d 61 -Micron MD GIUS FJber Exposure Aerosol

Approximate]} 53% of [he fibers m thisaerosol hsd dmtnetem <25 micrcns u,lh
36’%between IO and 80 mlcronx long Approxlmatel~ 29% were between 5 and 50
microns lon8 with 71% hawinl diameters <35 microns More than 5U% of all collected
fibers were ●80 microns L,ns The ChfL -U 114 ~ 94 microns and the CMD 30 ~ 22
mlcroti The MAR wax 49. the GML. #3 microns. ~nd the GMD 3.0 microns The
GMA wu 36 Thus. this f’brous tnaterml prduced an extreme]} long, cosrse-dlametcr
challenge aerosol ~TsbIe VJ At a concentration of 25 F cm “s, this aerosol had 5 F cm-a
Ion#rr than 10 microns with dlametcrs ● or ~1.O in]cron



e. 1.8-Micrcm MD Refractory Ceramic Fiber Exposure Aerosol

The CML was 35 ~ 34 microns, the CMD, 1.1 t 0.7 microns, the MAR, 36, the
GML 25 microns, the GMD, 0,9 microns, and the GMAR was 26. Approximately 83(,0
of this aerosol was >10 microns long and 86% d.O microns in diameter, The aerosol was
long fibered (> 10 microns) with most fibers potentially “respirable” (<3.O-micron
diameter ●nd <80 microns Ions (Table VI). Assuming a concentration of 200 F cm-s,
this ●erosol contained approximately 88 F cm- S >10 microns long having diameters - or
<1,0 micro~.

f. 2.7-Micron MD Mineral Wool Exposure Aerosol

The CML was 40 & 65 microns, the CMD 1.1 ~ 0.9 micron!, ●nd the MAR 40.
The GML was 4.5 microns, the GMD 0.9 microns, and the GMAR was 26.
Approximately 75% of this aerosol was >10 microns long with 93% having diameters <2,5
microns. More than 7096 of the fibers in this exposurt ●erosol were <1.6-micron
diameter and Mtween 6 ●nd 80 microns long; thus, this was n relatively long-fibered,
merosol (Table Vii). This aerosol, with a mean concentration of 200 F cm-s, had
approximately 76 F cm- S longer than IO microns with diameters = c: <1.0 micron,

g. UICC Crocidolite Asbestos Exposure Aerosol

Our fiber-length data for this aerosol are in agreemant with UICC datq i.e., both
concur that it is a ~hort-fikered material. UICC data- indicate tit approximately 97% of
the premilied fibers were = or <5 microns long (RendaH, 1970), Our fiber-lensth
measurements indicated that approximately 95% of UICC crocidolite fibers were = or <5
microns long (Table ViII). Our mean fiber length for this material wm 3, I ~ 10.2
microns. The sizing data in Table VU] demonstrate that the LHCC material was not
significantly altered during aerosolization. At s concentration of 3,000 F cm-s, there
were -pproximctely 90 F cm ‘s >10 microns long.

C. Aorodynamlc C’baractorlzatlon (Size-Solectlve Sampllng)

1. Man-Made Vi;reous Fibers

Supplementary aerosol characterimtion data for ●ll MMVF were o>tained using
nylon cyclone samplers. Thete data complemented our sizing resul~ in providing an
aatjmate of the “respirable” nmss fraction of these expaurb aerosols. Cyclone sampler
penetration dsta for the MMVF tero$oh are aummari:nd in Table 1X, Each penetration
value is the mean obtained from at least 9 separate sets of cyclone mmpting runs, Each
W of cyclone stmplina runs consisted of the mean cyclone penetration value from three
Mpamte aamplert operated simultaneously at various locations within the exposure
chambers. All ammplela were operated st 1.7 I rein- for 30 minutes, Cyclone samplers
used were the 10-mm nylon (Dorr-Oliver) models that mre the otandsrd for coal dust
sampling ●nd follow the American Conference of Governmental lnduatrinl Hygienists
(ACGIH) curve defining “respirable” dust (ATC, 1970), Previous experiments have
demonstrated their utility for characterizing fibrous terosol clo~da (Ortjz, gf UI, ]979).
The 0.45-micron MD slass fiber nero:ol h-d the hiahest mass fraction ~netratjng the
cyclone: (81%) foliowed by the 1,8-micron MD RCF,(3J96), The 3,1-micron )AD glass
fiber cyclone penetmtion vslue was 30%, the 6,1-micron MD gla.s,sfj~r ]9%, the 2,7-
mlcron MD mineral wool J5%, and the 5.4- mjcron MD glass fiber 13%,

It is Importm’it to roco~nize th~t the dtta presented in Ttble lx are a function of
measuring totcl aerclol mass penetrating the cyclones mnd not just fibrous moss,
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Building insulations such as the 5.4- and the 6. J-micron MD fibrous glass and the 2,7-
micron MD mineral wool are heterogeneous bulk products con~isting of large fractions
of bth fibrous and nonfibrous materials. Hence, they result in heterogeneous aerosols.
The problem is further complicated as more nonfibrous debris is produced from the
chopping of coarse diameter fibers during aerosolization with this system. Aerosols
genented from these coarse materials contain significant quantities of nonfibrous
Particulate, many capable of penetrating cyclone samplers. Thus, for these coarse,
heterogeneous materials, cyclone penetration did not have a direct relationship to the
predicted “respirable’ fraction based on mean fiber diameter as observed with the more
homogeneous fibrous materials like the 0.45-micron MD glass fiber, the 1.8-micron
RCF, and the 3.1-micron MD glass fiber.

2. UICC Crocidolite AsksIos

Anderson impactor characterization of this aerosol demonstrated a mass median
aerodynamic diameter (MMAD) of 2.5 ~ 0.2 microns with a geometric standard deviation
of 1.9 ~ O.J microns. These impactor size pammeters define a 65 ~ 4% ‘respirable” mass
fmction when related to the ACGIH respirable dust cuwc (ATC, 1970), and a 76 ~ 5%
‘reapirable” fraction when compared to the BMRC standard (Moss and Ettinger, 1970;
BMRC, 1%1; Hamilton and Walton, 1961).

3. Fibrom/NonFihrous Particulties

After the animal inhalation experiments were completed. We qwmtified the
relative nonfibrous-to-fibrous particulate concentration in each of the exposure aerosols
(Table X). The measurements demonstrate three important aspects regarding these
“fibrous” challenge ●erosols: (1) ●ll exposure aerosch contained more nonf ibers than
fibers; (2) the nonfibrous content of four of the ‘fibrous- ●erosols was significant when
addressed in term of total particle concentration (i.e., particles cm ‘a); md (3) total
ptiicle count measurements of this nature could be impcrtmtt when assessing exposure
aerosol effects as high concentrations of ‘respirable’ particles are known to influence
lun~ clem.ttce kinetics.

4. Elemetual Composition

Elemetml compositions of both bulk ●nd collected aeroaol materials were
determined for each fiber using SEM EDX spectrometry (Table XI). Specific elements
detected u compositional materials in the fibrous materials ranged from Na, atomic
number 11, to Ce, ●tomic number 58, The 2,7-micron MD mineral WOOIfiber exhibited
the greatest variety of constituent materials with nine different elements detected and
the 1i8-micron MD RCF the fewest, having only two major elements (A] & Si) with a
possible tmce of Ti. All MMW contained Al and Si and most, except the 1.8-micron
MD RCF, contsined Ca and K in significmtt quantities.

D. I~hdatioa Expcrlmcnts

When they were approximately 100 d old, male Syrian hanlstera ●nd female
Osborne-Mendel (OM) ms were exposed “nose-only,’ 6 h a day, 5 d a week for 24 m
(Smith, ●l d, 1981) to aerosolized MMVF, crocidolite asbegtos, or clean air (Table l).
Unmanipulated cate control ●nimals were slso included as part of the study. In
addition, groups af hamsters cnd rats were ~xposed to crocido]it~ for one m and other
&roups for I d (Table 1), Approximately 1900 animals were used in the inhalation
experiments.
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Following the 24-m ●xposures, the remaimng experimental and control animals
were tin[ained for the rest of [he]r ll~es

E. Intraperltoneal (1P) lnjecdon Fxperimcnts

One-hundred-d-old male Syrian hamslers and female OM rats were Injected 1“
with 25-mg fibm guspendeci in 0.5 ml physiological saiine. Fibers injected w-ere 0.45-
mlcron MD giass. 1.8-micron MD RCF, ●nd crocldoli[e asbestos. Fibers used for these
injections were collected airborne materials from the respecti~-e inhalaf]on exposure
chambem. Thus. they reflected whgr the animais were exposed to in the inhalatm -
●xperiments. All animals were then mamtained for the duration of their h~-es

F. Intratracheal (ITj Instillation Experiments

Two mg of each fiber suspended in 0.2 ml of physiological saline Were insulied
IT to groups of hamsters aud rats This suspension was instllied once a week for fl~e
weeks (IO rng [otaij (Ssnlth, er al, 19?4) under ether anesthesia. Fiber types instilled
were O45-micron MD g]us. 1.8-m]cron Lfl) RCF, ~d crocidolite aSbMIOS. Fibers used
for these instiliation$ were collected airborne materials from the respective inhalation
exposure chambers, reflecung mater]als to which the animals in the inhalation groups
were ex~ed. Ail animals were rnaintalned for the duration of thew lwes.

G. Animals ●nd Care

The hamsters were purchased from Engle Laboratory Animals (Hammond IN J
and the rats from Carom Research Laboratory Animals (Wayne NJ) AN animals were
housed in class- 100 laminar flow clean rooms (Hazleton Systems, lnc , Corn~ell He]gh[s
PA], three hamsters or two rats to a polyc~rbonate cage containing low-dust aspen wood
bhavings. The cages were msp.nded on aluminum sheives and covered w]th spun
poiyester filters (DuPont *2 SpinbondedR Polyester Fiiter, E.]. DuPont Co.. Wilmmgmn
DEj. Csges were cleaned and shavings changed twice a week. The hamsters were fed
Teklad Hamster DietR and the rats Teklad Rat and Mouse Die~n (Teklad Miils, ~infielcl
IA). Chlorinated water was pro~ided d Iib]km, and the animal rooms were kept on a
12-h light-dark cycle.

Every animal was examined at least twice a day during the week and at least
once mda on weekends. Those that appeared moribund were killed with an overdose of

iNembuml injec[ed 1P Complete necropsies were performed as soon m poss]ble The
lungs of each smrnal w6re inflated wit the trachea with 10% neutral buffered formal]n
and the trachea ligated Respiratory tracts, distal 10 the Iaryax. were removed en h’c:
●nd fixed in 10% neutral buffered forrmlin along with sarnple~ of oth?r major organ
systems and any tissues ;ha! had macroscopic iesions. Tissues were f]xed for at least “2
h. processed by sundard methods, sectioned at 5 microns. and routinely stained Ulth
bematoxylin and eosin. Addltlohal seiected hlstochemlcal :talns were used When
●ppropriate Puimotmry lmons were clatsifled and graded accorciins to the
Wagner/WHO system (McConneli, cl d, 1984, Wagner. ef al, 1984)

Lun~s from I to 6 snimal(s), usuaiiy 3-6, of each specie in each inhalation
exposure #roup were selected and the number of fibers deposited determined using
Johnson et a~a [1984Bj sodium hypochlorlte d18estlon and SEM counting Iechnlque RIO
lungs were used for doalmetry purposes if there were any macroscopic Ieslons presen[



Ill. Results and Discussion

A. Lifespans

The chamber control group of hamsters and all the groups of hamsters ●xposed to
aerosolized MM\’F, except the hamsters in the group inhaling the 3. J-micron MD glass
fibers, lived significantly longer fhan their unmanipulated cage control counterparts
(Table XU). The hamsters in the 3.1-micron MD glass fiber group lived longer than the
unmanipulated cage controls, but the increase was not statistical]}= significant. The
shorter mean lifespan m that group of hamsters resulted from a few animals dying of
causes unrelated to the exposure early into the 2a-m exposure protocol. The group of
OM rats exposed to the 3.1-micron MD glass fiber, in contrast, has the longest mean
lifespan (803 d) of any group of animals in the study (Table XII).

Because a few hamsters in the first group exposed to the 6.1-micron MD glass
fiber died unexpectedly, of cause= unrelated to the exposures, we started a second group
of hamsters to prevent any experimental bias in development of lesions in a Jifespan
study. The second 8roup of hamsters had a merin lifespan (615 d) that was 39 d shorter
than the first group but still significantly longer than the unmanipulatec! cage controls.

Two groups of hamsters exposed to airborne crocidolite had mean lifespans that
were remarkably less than chamber controls (Table XII). The 24-m exposure group had
a mean lifespan of 550 d and the 1-d group. 576 d. However, neither of these values
varies significantly from the unmanipulated-cage-control mean lifespan for hamsters of
563 d, a high value but one nevertheless consistent with our previous experience
(Thomas and Smith, 1979; Smith, el al, 1976).

Mean lifespans for the chamber control OM rats (754 d) were longer than for the
unmanipulated cage controls (724 d), but the differences were not statistically
significant. Two groups of OM rats exposed to MMVF (the 5.4-micron MD glass fiber.
high level, and the 2.7-micron MD mineral wool fiber) had lifespans significantly
shorter than either the chamber or unmanipulated cage control groups (Table XII).
Groups of hamsters exposed to these same fibers had lifespans that did not vary
significantly from their control counterparts. Thus, the differences in the rats’ lifespans
●re probably of little or no biological significance. Little lifespan data are available for
unmanipulated Ohl rats; however, the lifespans for all the groups of OM rats in the
inhalario~] experiments are thought to be at least average and probably significantly
longer than average (P. Hansen, )986).

The hamsters and OM rats in the inhalation studies all had remarkably long mean
and median lifespans, optimizing the probability that diseases with long latent periods.
such as pulmonary fibrosis (asbestosis) or primary lung tumor induction, would be
expressed in these experiments.

Hamsters injected 1P with the 0A5-micron MD glass fiber had lifespans not
statistically different from either physiological-saline-in jected or unmanipulated cage
controls (Table XIII). When the first group of 36 hamsters was injected with 25 mg
RCF, 21 of them died within 30 d from acute hemorrhagic peritonitis and vascular
collapse--the result of fl.’id extravasation into the abdominal cavity. To confirm this
experience as a pattern, a second group of hamsters was likewise injected 1P with 25 mg
of the same RCF; 15 of 36 died within 30 d of acute hernorthagic peritonitis. Llfespans
for the hamsters surviving the initial 30 d were 462 d and 489 d, both statistical]!
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significantly shorter than the values for either set of controls (Table XIII). Hamsters
injected 1P with 25 mg of WCC crocidolite had significantly reduced Iifespans. the
result of de8enerat~-~e abdominal reactive tissue lesions and, or mesothelioma induction

OM rats receivin8 the injected RCF or crocidolite 1P had significant] y red I:ed
mean lifespans resulting from the induction of abdominal mesotheiiomas (see below J.

One group of hamsters receivin8 fibers IT with a reduced meal lifespan
compared to controls was the one receivin8 fi~=einstillations of RCF (Tab:e XI\’J. but
none of these RCF-instilled hamsters developed primary lung tumors, and the incidence
of pulmonary fibrosis in these animals was not elevated. None of the groups of OM rats
inst!lled IT with fibers had si8nificant1y reduced Iifespans compared to their control
counterparts.

B. Pulmonary Lesions

In the inhalation experiments. groups of rats exposed to a fiber uniformly h?ci
hi8her Wagner/W’HO lun8 lesion 8rades than groups of hamsters exposed to the same
fiber (Table XV).

None of the inhalation exposure groups had mean lung iesion 8rades >4, the
value where coIla8en deposition is first observed. Because lesion 8rades <4 do not have
a fibrous component, they are thou8ht to be potentiality reversible. In this study. we
were unable to detect any morphologic progression of pulmonary lesions exposed via
inhalation to MMVF after the 24-m exposures were compieted. There were relatively
few pulmonary lesions, other than the presence of macropha8es containin8 fibers. When
they did occtx, fibrotic lesions in animals ●xposed to MMVF. were peribronchiolar as
also reported earlier by Kuschner and Wright (1970) after the instillation IT of fibrous
glass in guinea pigs. Lee, et al (1981) likewise did no’ observe significant fibrosis
induction in Sprague-Dawley rats, Syrian hamsters, or albino 8uinea @8S inhaling
fibrous gias. The predominant iesion they did see, alveolar proteinosis, regressed afte:
the inhalation exposures were completed.

The hi8hest mean iung iesion grades in the inhalation 8roups occurred in the
snimnis exposed to crocidolite for either 30 d or 24 m. The number of hamsters and
rats in the 24-m crocidolite exposure group and 5amsters m the 30-d crocidolite
exposure group with fibrous pulmonary lesions- -early stages of asbestosis-- was
statistically hi8her than either their chamber or unmanipulated ca8e control counterparts
(Table XV), a findin8 consistent with other inhalation studies using rats and crocidolite
(Wagner, gf al, ] 97d ) or chryso[ile asbestos (pinkerton, ●t al, 1984; Wagner, e( al, 1980).

Bronchoalveolar metaplasia, possibly a preneopiastic event in the de’~elopment of
epithelial tumors, was sigmficantly elevated only in those hamswrs exposed to crocidol]te
for 24 m (Table XV); however, none of these animals developed primary iuns tumors

C)ne of 70 hamsters in the 1.8-micron MD RCF inhalation exposure gro~p died
after a IO-m exposure with a 2-cm-diameter spindle cell mesothelioma arising from the
verurai posterior left lung. The tumor”s presence was not statistically significant and
would be readily dismissed if it were not for the association between fibers and
mesothelioma induction (W’a8ner, 1986). Even with this relationship between fibers and
mesotheliomas, the possibility exists tha[ the ,umor was a spontaneous event.
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Interestingly, there was minimal stromal reaction or fibrosis in the lungs of this animal:
RCF and ferruginous bodies were present in the oulmonary parenchytna and detectable
with light microscopy. Though spontaneous mesotheliorias in the Syrian hamster are
rare, one has been reported in an adult male (Fortner, 1961): whether it was a thoracic
or abdominal tumor was not noted. Our findings are in contrast with those of Davis. el
al (1984) who found that 8 of 48 Wistar rats ●xposed to aerosolized ceramic fibers (8.4
mg m-s, 95 F cm-s) for 12 m developed pulmonary neoplasms. Four of the tumors in
the Davis study were epithelial. The other 4 rumors were thought to be malignant
histioc ytomas.

None of the other animals exposed to MMVF in our study developed primary
lung tumors. One large peripherally located benign mucous-secreting bronchoalveo~ar
tumor (BAT) was found in a chamber control hamster (Table XV). Three of 57 rats m
the 24-m crocidolite inhalation exposure group developed lung tumors: 1 fibrous
mesothelioma and 2 BATs. One rat in the 30-d crocidolite group had a borderline BAT
and 1 rat in the 1-d crocidolite exposure group developed a hemangiosarcoma of the
lung. Wagner, el al (1974) had much higher lung tumcr incidence in the W’istar rats that
they expos~d to airborne UICC crocidolite asbestos: 6/43 animals were exposed for 1 d
and 13/ 18 animals for 24 m, although only 4 of the total 45 tumors induced by
crocidolite were mesotheliomas. The crocidolite-induced lung tumor incidence in our
study might have been higher had we used a longer fiber as suggested by ?~e the work
of Wagner. el af (1984); Wagner’s study delineated the effect of fiber size m the {n ww
activity of UICC crocidolite asbestos.

C. Fiber Deposition ●nd Recotery

Significant numbers of fibers were deposited in the hmgs of all groups of
animals inhaling MMYF and crocidcdite (Table XVI). Fibers were detectable
microscopically in virtually every section of lung from animals exposed after 2 m to the
fifie diameter fibers and after 3-4 m exposure to the larger diameter n4MVF. No fibers
were ever found microscopically in any of the controls. The fibers were almost alwa}=s
found phag~cytized in parabronchial, parabronchiolar, or subp,aral foci of syncytial
macrophages in alveolar spaces. Acute inflammation was not a component of the
response and the fibers in hamsters were often coated with ferruginous bodies. We did
not see ferruginous bodies coating fibers in any of the sections of lung> from the Ohl
rats, including those exposed to RCF, in contrast to Davis el al’s (1984) finding
ferruginous bodies in their rats exposed to ceramic fibers. Morgan and Holmes have
●lso reported (1984) that hamsters more rvadily than rats form pseuduasbestos
(ferruginous) bodies coating fibers deposited in the respiratory tract.

Fibers with finer diameters and enhanced “respirabih[ies,- were recovered in
iarger quantities from the the lung than fibers with larger diameters. Fiber recoveries
were comparable to those reported from another laborator}- using similar challenge
●erosols (Johnson e~ ai, 1984A, 1984B). Few short fibers were recovered from animals
in any of the exposure groups; recovered, retained fibers were generally 8-10 microns
long. With characteristic insight, Kuschner and Wright noted in 1976 ~ha~longer glass
fibers were preferentially retained in pulmonary tissue, suggesting that short f]bers were
p05sibly removed selectively From the pulmonary milieu by alveolar macrophages. The
Slass fibers and the mineral woo] fibers were high]y etched as ●lso reported by Johnson
●l 41 (1984A). In contrast, we were unable to discern any etching of [he recovered
RCFS.



D. Isstraperltoneal Injection Experiments, Abdominal Lesions

Eight of 25 (32%) OM rats had abdominal mesotheliomas at necropsy (Table
XVII), consistent with eariler intrathoracic implantation findings for giass fibers of this
diameter (Stanton ● aI. 1977: Stanton and Wrench, 1972). Pott er al (1984) found fewer
primary abdominal tumms when they injected the same diameter glass fiber 1P, but the}
used much smaller doses (2 and 10 mg).

The incidetices of abdominal tumors in hamsters (Table XVII) injected with RCF
were 13% and 24% and the incidence of abdominai tumors in the OM rats was 19,’23
I83%).

Forty percent of the hamsters and 80% of the OM rats injected with crocidoiite
had abdominal mesotheliomas at their deaths.

E. Iatratracheal Instillation Experlmeots, Pulmonary Lesions

None of the animals instilled IT with the two types of MMVF developed primary
lung rumors (Table XVIII). Six of the 22 OM rats instilled with I?CF did have
brorlcbiolar epitheliai pol ypold iesions. fo:al peduncu:ated proliferations of single layers
of normal-appearing epitheliums into the lumens of the peripheral bronchial tree. These
were probabiy chronic inflammatory responses to the presence of very large quantities of
foreign material deposited in the bronehia; tre~.

seventy-four percent of the hamsters and 6% of the OM rats instii]-q IT wjth
crocidoiite deveioped primary iung tumors, all epithelial (Table XVIII). Thirteen of the
20 tumors (all BATs) in hamsters were benign, seven malignant. The two tumors in the
rats were maiignant BATs. Both the gr~ups of hamsters and tMS deveioped significant
pulmonary fibrosis (Table XVIII) and they had lung lesion grades >4.
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Figure Captions

Figure 1. Schematic representation of fibrous aerosol generator.

Figure 2. Schematic representation of fibrous plug preparation and loading of aerosol
generator.
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Far Cwac 2

lMA?lETER/LENGTHHATRIX

Lmgth (win)

klQluQzuQ aM424uc!2LEQaMQQ au! z
00

19 27

18 19

17 33

8 17

5 16

27

0 10

04

10

00

0 0

00

70 133

15 30

17 47

ML: 35 & 34 pm
m: 1.1* 067flm
w: 36
bnc.st: 230 pm

o

12

9

19

15

5

4

6

1

2

1

0

1

75

16

63

u

3

8

16

11

6

0

4

2

1

1

0

0

52

11

74

u

4

2

11

5

9

0

5

0

2

0

0

0

30

8

82

0

0

5

15

7

6

1

5

4

1

0

0

1

45

10

92

0

1

2

0

2

2

4

1

1

0

0

0

1

14

3

95

00

0 71

1 66

4 il 6

3 68

5 54

1 19

7 38

0 12

18

13

11

03

24 459

5

100

mu: 25 pm
cm: 0.9 pm

OliAR:26



TABLE VII

qm!Q

:0.1

~.2-O.4

.5-0.7

.E1-l.o

.1-1.3

,4-1.6

,7-1.9

0-?.2

3-2.5

6-2.e

9-3.1

2-3.5

.5

I

B cent

s-
o

12

8

1

0

0

0

0

0

0

0

0

0

21

5

6-10

1

39

32

12

5

2

0

0

c

o

0

0

0

91

20

25

.. 40 & 63

.. 1.1 *0.9
40

GfST: 710 Ulm

FIBER DIMENSIONS

MINIRAL WOOL (2.7 umMEAN DIAMETER) EXPOSURf AEROSOL

Oiameter/Length Matrix

Length (urn)

~1 - 2Q

2

19

40

24

16

12

5

3

2

0

1

0

1

125

20

53

w
6

0

13

12

6

10

2

4

1

1

0

1

1

57

13

66

al - 40

3

0

4

14

1

6

2

3

0

2

1

1

0

37

8

14

gl - 50

1

0

7

3

2

4

2

4

1

0

2

1

1

28

6

80

H

3

0

4

5

3

6

1

6

I

o

0

0

1

30

1

87

81 - 100

0

0

1

1

2

2

1

1

1

0

I

2

1

13

3

90

GNl:
(WD:
G?IAR:

>100

0

0

2

6

0

7

4

5

1

1

3

3

5

45

10

100

22 Pm
0.9 urn
26

L
16

70

111

78

43

49

17

26

7

4

e

0

10

447



TABLE VIII

UICC CROCIDOL17E - EXPOSURf AEROSOL
COUPARATIV[ FJOIR LENGTH 31STRIOUTION: UICC*/LOS ALAMS

(PER C[NTDY COUNT JNGJVfNSIZf RANGE m)

UICC DATA*
(TM)

SULK SAMPLf 28.5 35.8 22,5 10.3 2.3 0.6 0.1 --

LOS ALAMOS llATA
AEROSOL SAKPL[

(Sfm) o 29 44 20 4 1 2 345

LOS ALAMOS DATA
BULK SAMP1[ o 25 49 22 2 1 2 336

(Sfll)

● DATA SHfflS ON THf CHfM!r4L AND PHYSICAL PROPfRTlfS OF TIK UICC MFERfNCf
SAMPLfS R.f.G. RfNOALL, N.R.J.O.D. , JOIIANNESBURGH,SOUTHAFRJCA



Fibrous
A@ro801
lh~

fbrous Glass
0.45 @ moan dhmotor) (~)

tfracto~/Ceramic Fibars
1.8#mllD)

Blowing Wool” Bldg. Insulation
3.1 #a MD)

fndar Coatod Bldg Insulation
6.1#m KD)

lnoral Wool Ffbors
2.7@m)

lbrous Chss Building
n8ulation
5.4 #m m)

TABLE 1X

CYCU3NE* SAMPLER

Chll.ng. A.ros 1
9

~L

2.4 0.5

10.8 3.4

4.4 1.7

7.0 3.0

7.0 3.1

9.9 3,8

Cyclono ?onotratlon
(“R@spirablo Uss Fraction”!

(Ow)
~1

81,0 3.7

34,5 7,1

30.1 5.7

18.7 8,s

15.2 7.7

12.7 4.8

No. of
Cyclone
~

48

39

51

27

27

30

222

-.
Cyclom Samplers: 10=m nylon (Dorr=Olivor) oporatod at 1,7 L/-in



TABLE X

~VF EXPOSURC AEROSOLS

NONFIBROUS/FIOROUS PARTICULAIC CONCINTRATJONS

F18[R DfS16NAT10N

BY M[AN DIAMETER TOTAL PARTJCLES COUNTED PARTICL[ RATJO

.~ uuku!~s F1BfRS @~$~FIBERS

0.45 465 125 4:1

1.0 3491 106 33:1

2.7 le21 66 20:1

3.1 416 71 6:1

5.4 2034 53 30:1

6.1 2620 84 31:1



TABLE XI

Fibu -i~ticm

Eymman Diamfxr

~M

0.45 x

108

2.7

3.1 x

. 5.4 x

6.1 x

eiddim

00781

ma
x

x

xx

x

xx

xx

x

x

x

x

x

x

x

sag
x

x

x

xx

xx

x

x

x

x

x

x

?il!mlh%nmm

xxx

x

xxx

x

x

x



TableXII

mm
~- LIFESPAN LIFESPAN

0.45 M ~ Glass

Hi ~ Level ( 3000 F an-3)

6yrian Ha8at8r8 6652 15

W &vel (300 ? aa-’~

8yribn Ramstors 665 A 18

m Ratn 756223

3.1 @l ~ Glass (loo F an-3/

8yrhn Hamatora 594224
ml Ratm 803 & 25

8yrhn Mm8tors 628 & 22

Lw L8vd (10 F CE-3L

‘iyrhn Hmwtors 680 ~ 19

QI mtm 726 ~ 22

8yrian Uamat@rs

1st Group 654 ~ 23

2nd Group 615 ~ 24

m! matm 702 * 27—

100 JM K) Refractory Ceramic(200 F mI-3~

8yrian Wtors 670 ~ 20

m mat8 703 & 25

2.7 @ ~Plin@ral Wool (200 F m-3/

8yrim Hamatora 666 ~ 21

m mat8 677 & 20

670

834

707

771

661

014

653

681

722

730

700

627

747

698

740

725



7’aMe XII Continued

U2CCCrocidolite Mmtos (3000 F cm-3)

24-?@nth Bmcwre

&rim Mmstec6

m Rets

30+BY txpo sure

Syrien Hemeter8

m Retm

l-my w sure
SyrianHauwters

m -t@

daamber Controls(CleanAir)
Syrhn Hm8ttrs

al met8

tMmniPu18tod cageCent rols

— 8yrhn Iiam8ters —

550 * 20

763 ~ 21

670 ~ 21

784 2 19

576 t 26

694 A 29

664 t 16

754 ~ 19

563 ~ 16

m R8ta 724 i 16

537

782

680

798

524

701

682

773

553

741



.

. Table XIII

mm
~- LIFESPAN LIPZ8PA?J

0.45 #n m sass

m m8t8 593 ~ 34 594

1.8 m ~ Mfracto ry Ccraxdc

6yrian Harastor#

1st Group

2nd Group

ml Rats

WCC Crocidolito &bmtos

8yrian Munstors

m Rats

&lino Controls

8yriui Hua8t.ra

m RBtm

Umhnimhtod cam Cent rols

8yrAan Mmtors

m Rats

305 & 50

580 i 29

560 t 31

744 * 20

5033 16

724 * 16

400

449

445

509

562

541

747

553

741

a *SO MiMls suwivins initial ●pimdo of lwmrrha9ic peritonitis and doatho



Table XIV

LIPtSPABJS (MYS ) ~ MIMLS INSTI~ INTRAZRA~Y
mm ?Im (10 mg %btal)

1.8 Am W) Rofracto ry Ceramic

Syrian Hmatora 446 A 29 479 .

m nats 690 t 35 736

UICC CrocMOlito *bstos

~rian H9m8tera 594 ~ 50 657

.,ulltatm 639 t 56 663

&lino Controls

#yrhn HarA.rs 567 ~ 32 569

m Rat8 688 ~ 34 696

Umnhll @td cage Cent rols

Dyrhn Hamaterm 563 A 16 553

m mat8 724 ~ 16 741



TableXV

Plma4ARY LESIONSIN ANInALs DrPosm
ZY)~LIZED FIB-

BRCNC?io-
LESION ALVEOLAR PRIMARY

0.45 H IQ Glass .
Hi* Lewl ( 3000 F an-’)

Byrhn Hamsters 2.3 ~ O.I

OH Rata 2.3 ~ 0.1

h &vel ( 300 cnr3)

SyrianHamsters 2.1 ~ 0.1

m mats 2.3 ~ 0.1

3.1 @I~ Glass (100 F an-3)

Syrian Hamstms 2.1 i 0.1

U4 mats 2.3 i 0.1

5.4 m ~ Glass

Hi *L9W1 (100 ?cm-S/

SyrianMamstors 1.6 t 0.1

OHRatn 2.1 tool

baw Wvel (10 F an-’

8yrian Hanwtcrs 1.8 ~ 0.1

m Rats 2.4 + 0.1

8yrhn Haautors

1st Grnup 1.9 * 0.1

2nd Group 1,8 i 0.1

m mat8 2.3 i 0.1

1.0 M m Rsfracto ry Ceramic (200 F cm-3~

8yrhn Hamst.rs 2,1 * 0.1

m natB 3.0 ~ 0.1

2,7 #l HO?lincral WOl (200 F an-3~

8yrhri Hamst.rs 2.4 ~ 0.1

m mts 2.8 ~ 0.1

6/69 (9t)

4/57 (7\)

2no (3%)

4/57 (7%)

3/6s (5*)

1/52 (2*!

1/66 (2\)

1/57 (2\)

7/65 (11*)

0/61

4/61 (7t)

0/38

1,58 (211

2/69 ( 3t)

1/55 (2\)

2/69 (3\)

0/55

4/69 (6%)

4fi7 (7*)

3flo (4%)

3/57 (5*)

2/60 (3t)

7/52 (St)

0/66

4/57 (7t

1/65 (2*

S/61 (8*

0/61

0/38

3/58 (St)

lno (1s)

0/69

0/57

Ono

0/57

0/60

ofi2

0/66

0/37

0/65

0/61

0/61

0/38

0/30

1/70 (l$)a

12/35 (22\) 0/55

1/69 (1*) 0/69

9/S5 :16t) 0/55



Table w Continued

UICC Croci&lit8 M.bestos ( 3000 F an-3J

24-kmLh Exposure

Syrmn Hamsters 2.8 ~ 0.1

m Rat8 3.7 ~ 0.2

30-Day Expsure

Syrian ~ters 2.8 ~ 0.1

m Rats 3.1 ~ 0.1

l-Day Bq30sure

SyrianBm8tars 1.9 ~ 0.1

ml Rats 2.2 ~ 0.1

Ummber Controls (Cloa.n Ar I

Syrian Iiamstcrs 1.8 ~ 0.1

m Rats 2.2 * 0.1

tkmnipul ●ted Caw Cmtrols

Syrian lhm8t8rs 1.7 ~ 0.1

m Rata 2.4 * 0.1

11,58 (19%1s

4.-;57 (8%)

3..’47(6t)

5.45 (e\)

3<57 [ 5t!

5,59 (8s!

4.112 (4\)

3.f125 (3\)

14/58 (241)’0,-38

30/57(53%)93;37 ( 5%lb

14/64 (22*)’0;’64

22./61(36t) 1,/61(2#]c

1=.=’47(2\) 0/’47

6/59 ( 10\) 1/59 (21!d

4,58 (7t) 1/58 !2\le

6,59 (lOt) 0/59

3fi12 (3*) O.a 12

17fi25(14~) O/125

● naaotheliam, b 1 Hesoth.lim, 2 Bronchoalveola- ~rs c Bordarlina ●ronchoalveolar

-r d tlatigoiaarc~ ● Bronchoalveolar Tumor S Statistically significant ccnqmred to

chambr or cagocontrols



~a

0.45 #R ~ Glas

Eliqh Level (3000 F -3 )

~rhn Ham8ters

m mt8

LmJLovol (300 F an-3)

Byrian Han9ters

m Rats

3.1 m FD Glass (100 F cm-3)

Syrian Hmmstoc8

m Mts

5;4 m m g18aB

Hiqh Lad (loO F un-3)

Byrian Hunstmm

a Rata

Byrim Ham8ter8

a! mata

6,1 @mGlass (25ul n-3)

8yrhn Jhm8t8r8
m Rata

1,0 lln m nafactory ceramic (200 F cm-3~

Byrh lhm8tor8

m mata

2.7 PH~Hinoral Wool (200 F mI-3/

8yrhn Wu9tera

al Iutn

UICCCrocidolito (3000 F cm-3~

24-Mith Exposure

Byriui Mam8tera

al nats

-r Cmtrola (Clean Air/
6yrhn Mm$torm

m mta

FIBERSd LUNG(DRYWZIGHT)

0.96 3 0.33x 106

1.87 t 0.64 X 106

0.52 t 0.16 X 105

1.23 X 105

1,15 ~0.32 X 104

2.85 ~ 1.23 x 104

2.35 A1.54 X103

1.00*0.48 X103

0.73 ~o.17 x 102

1.11 x 103

5.05 f 1.05 x 102

5.72 ~ 2.43 X 102

0.86 t 0.45 X 104

2.18 * 0.99 x 104

3.07 * 1.32 x lo~

3,08 ~1.75x 103

7,31 *0.78 x 105

3.87 ~ 1.s3 x 10s

<lo

<10



Table XVI Continued

Unimanipul ated (me Controls

Syrian Hanutec8

U4 Hamstem

<lo

<lo

.-



Table XVII

-IW LESI~ IN AtigHAM ItUE-
lm’mPEFU ‘IU4EAUY WITI+FIBERS (25Ku3)

MMHINAL
RE4CTIVE TISSUE/
FIBROSISIN
(1’XX!IUFX3R ABM51WL

~GFwP BEARIK ANIRALS) ~LICMAS

0.45 @l MD Glass

m Rats 13f17 (76%) 8fl5

1.8 PM ~ Refractory Ceramic

Byria,nEamater8a

1st Group 13f13(loot) 2/15

hd GrOUp 16fi6

m Rats 4/4

UICC Crocidolit. Askmstos

Byrian titers 13/17

m Rat8 3/5

&linQ Controls

SyrianWnatera 0/0

m Rats 0/0

_unuJi@ ●tod Caga Controls

Syrian Hamater6 0/0

m Rats 0/0

100% ) 5~1

loot ) 19f13

76t ) 8/25

60t ) 20/25

32%]

13%)

24$)

(83wb

401 )

(sot)

l%ose AJIimals suming initial Qpimdo of hemorrhagic peritonitis and &ath

Includes on. Fibrosarcom



Table XVIII

~Y LESI~S IN ANIMALSINSTI~
I~TRACHEULY WITH FIB~

DmQsuREm GRADE ANIMALS) FIBROSIS TUMORS

0.45 @l MD Glass

m Rat8 3.2 ~ 0.1 3/22 (14%) 7~2 (32%)s 0/22

lo@ @ I@ Refracto ry ceramic
-.

8ryian Mmetera 3.0 * 0.1 0/25 4/25 (16%) 0/25

m Rats 3.0 * 0.2 6/22 (27%)”a 2/22 (9*) of12

UICC Crocidol ite ~stos

Syrian Hameterc 4.7 & 0.2 Ofl 23/27 (85\)s 20/27 (74%) “b

m Rat8 4.3 ~ 0.1 3/23 (13%) 24fi5 (94t)’ 2fi5 (8%) “b

Saline Controls

Syrian Hameter8 1.7 * 0.1 2/24 (8%) of14 0/24

m RatB 2.0 * 0.2 0/25 ln5 (4%) o~5

MixJul ated Cage Controls

Syrian Hameter8 1.7 * 0,1 4/112 (4$) 3/112 (3*) ofl12
O1 Rat6 2.4 ~ 0.2 3/lz5 ( 3t) 17/125 (14t) 0fi25

a Bronchiolar plypoid lesions
b Bronchoalveolar Tmors

8 Statistically significant ccmpered to controls


